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sex chromosomes, or not, and 
to know the time scale of any 
degeneration, which should help 
us to understand the processes 
involved.
What do you think of the 
growing interest in theoretical 
approaches to biology? 
Population genetics has always 
had a large and integral theoretical 
component, so I think it is very 
welcome that there is a growing 
awareness of the value of theory 
and mathematical models within 
biology, and I would hope that 
some of the simple, very relevant 
mathematics might be introduced 
into biology teaching.
What do you think is the biggest 
current challenge facing the 
scientific community? I think it 
is the difficulty of communicating 
an understanding of what 
science really is. This is affecting 
young people who don’t feel the 
fascination of science, and it is 
allowing the spread of all kinds of 
irrational beliefs, such as quack 
medicine. Evolutionary biology is 
under repeated attack from those 
who think, or wish, that non-natural 
processes must be involved. 
Textbooks are, unfortunately, a 
source of miscommunication. 
Like peer review, textbooks 
are necessary, but it is easy for 
students to think that the facts 
in them are what it’s all about, 
whereas of course the facts are 
there for all kinds of reasons (to 
explain interesting questions, or as 
part of the evidence for something 
we want readers to understand). 
It would help if science were more 
central in primary schools, and 
later on — after all, the scientific, 
enlightenment, approach is central 
in our culture. 
Young children are developing 
their approaches to how one 
knows things — they need to 
practice thinking and saying “I 
don’t believe it”, and teachers 
need practice in showing why 
they should believe things (and 
when not to accept things). This 
doesn’t need to involve the latest 
new developments, but I think 
it does need hands-on data 
collection and observation. There 
are lots of interesting everyday 
things to understand, like day 
and night, and the seasons, and 
plenty of interesting questions to 
ask, such as how old the earth 
is, and whether organisms come 
only from other organisms, or 
can be created without any kind 
of parent. A focus on classic 
questions of science can give 
children opportunities to use their 
natural curiosity and learn how to 
approach questions rationally and 
collaboratively, and how to use 
evidence, with no need for any 
fancy equipment, and to feel the 
pleasure of understanding things. 
My dream is for a set of such 
questions and detailed ‘recipes’ 
for activities for all ages, from 
which teachers could choose. This 
would include debate topics and 
readings and stories, preferably 
read by good actors so that they 
are really well done and can show 
something of the wonderful stories 
in science — think of Francis 
Crick’s feelings as he realised that 
he had evidence for the triplet 
code. If this already exists, I’d love 
someone to tell me. 
Most science teaching and 
communication seems to assume 
that any possible pleasure must 
come from making it entertaining, 
not from the intrinsic pleasure 
of understanding this world and 
how we fit into it. Newspapers, 
magazines and television 
programmes are under pressure 
to communicate the very latest 
advances, and to publicise the 
most entertaining ‘breakthroughs’, 
rather than new information and 
understanding that citizens ought 
to hear about, to make informed 
decisions about how to act and 
vote. If readers were educated 
enough to be sceptical, and 
could question the claims and 
ask whether they make sense, no 
harm would be done, and people 
could make allowance for this 
entertainment factor, but, as things 
are, the press also often adds to 
the general miscommunication. 
Perhaps it will help to have internet 
comments, from multiple interested 
readers, but who has time to follow 
comments on many topics? 
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A new exhibition selected 
from the collections of 
Britain’s royal family features 
work from four artists and a 
collector who helped shaped 
European awareness of 
the natural world at a time 
of exploration and colonial 
expansion that created 
enormous curiosity about life 
beyond the continent.
Material from Leonardo 
da Vinci, Cassiano del 
Pozzo, Alexander Marshal, 
Maria Sibylla Merian and 
Mark Catesby, who shared 
a passion for enquiry and a 
fascination with nature, is 
displayed.
Maria Sibylia Merian earned 
her living as a flower painter, 
teacher and dealer in paints 
and pigments in Frankfurt and 
Amsterdam. In 1699, at the 
age of 52, she travelled with 
her daughter to the Dutch 
colony of Surinam to study 
and chronicle the life cycle 
of moths and butterflies. A 
resulting publication is one of 
the most important works of 
natural history of its era and 
the first scientific volume to 
be devoted to the area. The 
painting of a toucan represents 
a deviation from her primarily 
invertebrate interests.
The exhibition includes 
works by Leonardo da 
Vinci, who used drawing as 
means to understand natural 
forms. Leonardo pursued his 
anatomical investigations 
through dissection, and the 
exhibition includes drawings of 
part of a cow, horse and bear.
The Italian antiquarian 
Cassiano del Pozzo embodied 
the new spirit of empirical 
investigation that transformed 
the study of natural history 
in the seventeenth century, 
so dramatically pursued by 
da Vinci a century earlier. He 
belonged to Europe’s first 
modern science academy, 
the Accademia dei Lincei, 
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Quick guide
Lightness and 
brightness
Alan L. Gilchrist
What is lightness? Lightness 
is the perceptual dimension 
that runs from black, through 
gray, to white. The physical 
counterpart of lightness is the 
permanent property of a surface 
that determines what percentage 
of light the surface reflects. 
Surfaces that appear white reflect 
about 90% of the light striking 
them. Black surfaces reflect 
about 3%. In short, lightness is 
perceived reflectance. 
What is the basic problem? 
The problem is that the light 
reflected to the eye from a gray Red-billed toucan c.1705-10 by Maria Sibylla Merian. This painting was pur-
chased by George III, when Prince of Wales. (Photo: The Royal Collection ©2007, 
Her Majesty Queen Elizabeth II.)surface, by itself, carries no hint 
of the reflectance of the surface 
from which it comes. A black 
surface in sunlight can easily 
reflect more light to the eye than 
a white surface in shadow, but 
they are not confused by the 
eye. The black surface still looks 
black; the white looks white. 
Indeed reflected light of any 
intensity, that is, any luminance, 
whatsoever, can be perceived as 
any shade of gray between black 
and white, depending on the 
context. To get the lightness of a 
surface right, the visual system 
must use the visual context. But 
there is no consensus on how 
this is done.
What is the current theoretical 
landscape? Theories of 
lightness fall into three levels: 
low level, high level, and mid 
level. Low-level theories, which 
stem largely from Ewald Hering 
(ironically called brightness 
theories) emphasize known, 
relatively simple, peripheral 
neural mechanisms, such as 
lateral inhibition and spatial 
filtering.  These theories, of 
which there are many, are very 
concrete and consistent with 
the received wisdom of sensory 
physiology. But they fail badly which had Galileo among its 
members.
He commissioned artists 
to record plants, birds and 
animals for his museum and 
a pictorial encyclopaedia that 
attempted to understand and 
classify both the natural and 
‘man-made’ world.
Alexander Marshal’s floral 
paintings were compiled at 
Crown imperial, narcissi and 
auriculas c.1650-82 by Alexander 
Marshal, presented to George IV. 
(Photo: The Royal Collection ©2007, 
Her Majesty Queen Elizabeth II.)a time when the cultivation of 
gardens had become a pursuit 
of scholars and collectors, 
keenly interested in exotic 
species. In his famous flower 
book, indigenous species are 
portrayed alongside new and 
exotic flowers such as the 
crown imperial, hyacinth and 
broken tulip. Marshal’s pictures 
endeavoured to portray the 
individual character of each 
subject. Some also carry 
miniature images of animals and 
insects.
The exhibition also features 
drawings by Mark Catesby from 
voyages to Carolina, Florida 
and the Bahamas, during the 
eighteenth century.
The exhibition is accompanied 
by the book Amazing Rare 
Things: The Art of Natural 
History in the Age of Discovery 
by David Attenborough.
The exhibition is at 
Holyroodhouse Palace, 
Edinburgh until 16 September. 
It then transfers to The Queen’s 
Gallery, Buckingham Palace, 
London from 14 March 2008.
Nigel Williams
